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Introduction
Non-geometry, mostly in 4d and 10d SUGRA
Restrict to NSNS sector: gmn, bmn, φ.

Non-geometry? Described very differently in 4d/10d: relation?

4d: specific terms in super/scalar potential of SUGRA.
Generated by integers Qk

mn, Rkmn: non-geometric fluxes.
(ô specific gaugings in gauged SUGRA).

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

Terms X for pheno. : stab. of moduli, de Sitter sol. ...
hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E.

Palti, G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984,

arXiv:1301.7073 by U. Danielsson, et al, arXiv:1302.0529 by C. Damian, et al

10d: a (target) space, divided in patches
Fields glue with transition functions: diffeo., gauge transfo.
String theory has more ñ use stringy sym. for gluing

hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams

hep-th/0210209 by A. Dabholkar, C. Hull

hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

ñ away from standard geometry: non-geometry
10d fields look ill-defined: not single-valued, global issues



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction

More structure

Conclusion

Introduction
Non-geometry, mostly in 4d and 10d SUGRA
Restrict to NSNS sector: gmn, bmn, φ.
Non-geometry? Described very differently in 4d/10d: relation?

4d: specific terms in super/scalar potential of SUGRA.
Generated by integers Qk

mn, Rkmn: non-geometric fluxes.
(ô specific gaugings in gauged SUGRA).

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

Terms X for pheno. : stab. of moduli, de Sitter sol. ...
hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E.

Palti, G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984,

arXiv:1301.7073 by U. Danielsson, et al, arXiv:1302.0529 by C. Damian, et al

10d: a (target) space, divided in patches
Fields glue with transition functions: diffeo., gauge transfo.
String theory has more ñ use stringy sym. for gluing

hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams

hep-th/0210209 by A. Dabholkar, C. Hull

hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

ñ away from standard geometry: non-geometry
10d fields look ill-defined: not single-valued, global issues



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction

More structure

Conclusion

Introduction
Non-geometry, mostly in 4d and 10d SUGRA
Restrict to NSNS sector: gmn, bmn, φ.
Non-geometry? Described very differently in 4d/10d: relation?

4d: specific terms in super/scalar potential of SUGRA.

Generated by integers Qk
mn, Rkmn: non-geometric fluxes.

(ô specific gaugings in gauged SUGRA).
hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

Terms X for pheno. : stab. of moduli, de Sitter sol. ...
hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E.

Palti, G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984,

arXiv:1301.7073 by U. Danielsson, et al, arXiv:1302.0529 by C. Damian, et al

10d: a (target) space, divided in patches
Fields glue with transition functions: diffeo., gauge transfo.
String theory has more ñ use stringy sym. for gluing

hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams

hep-th/0210209 by A. Dabholkar, C. Hull

hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

ñ away from standard geometry: non-geometry
10d fields look ill-defined: not single-valued, global issues



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction

More structure

Conclusion

Introduction
Non-geometry, mostly in 4d and 10d SUGRA
Restrict to NSNS sector: gmn, bmn, φ.
Non-geometry? Described very differently in 4d/10d: relation?

4d: specific terms in super/scalar potential of SUGRA.
Generated by integers Qk

mn, Rkmn: non-geometric fluxes.
(ô specific gaugings in gauged SUGRA).

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

Terms X for pheno. : stab. of moduli, de Sitter sol. ...
hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E.

Palti, G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984,

arXiv:1301.7073 by U. Danielsson, et al, arXiv:1302.0529 by C. Damian, et al

10d: a (target) space, divided in patches
Fields glue with transition functions: diffeo., gauge transfo.
String theory has more ñ use stringy sym. for gluing

hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams

hep-th/0210209 by A. Dabholkar, C. Hull

hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

ñ away from standard geometry: non-geometry
10d fields look ill-defined: not single-valued, global issues



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction

More structure

Conclusion

Introduction
Non-geometry, mostly in 4d and 10d SUGRA
Restrict to NSNS sector: gmn, bmn, φ.
Non-geometry? Described very differently in 4d/10d: relation?

4d: specific terms in super/scalar potential of SUGRA.
Generated by integers Qk

mn, Rkmn: non-geometric fluxes.
(ô specific gaugings in gauged SUGRA).

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

Terms X for pheno. : stab. of moduli, de Sitter sol. ...
hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E.

Palti, G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984,

arXiv:1301.7073 by U. Danielsson, et al, arXiv:1302.0529 by C. Damian, et al

10d: a (target) space, divided in patches
Fields glue with transition functions: diffeo., gauge transfo.
String theory has more ñ use stringy sym. for gluing

hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams

hep-th/0210209 by A. Dabholkar, C. Hull

hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

ñ away from standard geometry: non-geometry
10d fields look ill-defined: not single-valued, global issues



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction

More structure

Conclusion

Introduction
Non-geometry, mostly in 4d and 10d SUGRA
Restrict to NSNS sector: gmn, bmn, φ.
Non-geometry? Described very differently in 4d/10d: relation?

4d: specific terms in super/scalar potential of SUGRA.
Generated by integers Qk

mn, Rkmn: non-geometric fluxes.
(ô specific gaugings in gauged SUGRA).

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

Terms X for pheno. : stab. of moduli, de Sitter sol. ...
hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E.

Palti, G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984,

arXiv:1301.7073 by U. Danielsson, et al, arXiv:1302.0529 by C. Damian, et al

10d: a (target) space, divided in patches
Fields glue with transition functions: diffeo., gauge transfo.

String theory has more ñ use stringy sym. for gluing
hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams

hep-th/0210209 by A. Dabholkar, C. Hull

hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

ñ away from standard geometry: non-geometry
10d fields look ill-defined: not single-valued, global issues



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction

More structure

Conclusion

Introduction
Non-geometry, mostly in 4d and 10d SUGRA
Restrict to NSNS sector: gmn, bmn, φ.
Non-geometry? Described very differently in 4d/10d: relation?

4d: specific terms in super/scalar potential of SUGRA.
Generated by integers Qk

mn, Rkmn: non-geometric fluxes.
(ô specific gaugings in gauged SUGRA).

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

Terms X for pheno. : stab. of moduli, de Sitter sol. ...
hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E.

Palti, G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984,

arXiv:1301.7073 by U. Danielsson, et al, arXiv:1302.0529 by C. Damian, et al

10d: a (target) space, divided in patches
Fields glue with transition functions: diffeo., gauge transfo.
String theory has more ñ use stringy sym. for gluing

hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams

hep-th/0210209 by A. Dabholkar, C. Hull

hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

ñ away from standard geometry: non-geometry
10d fields look ill-defined: not single-valued, global issues



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction

More structure

Conclusion

Introduction
Non-geometry, mostly in 4d and 10d SUGRA
Restrict to NSNS sector: gmn, bmn, φ.
Non-geometry? Described very differently in 4d/10d: relation?

4d: specific terms in super/scalar potential of SUGRA.
Generated by integers Qk

mn, Rkmn: non-geometric fluxes.
(ô specific gaugings in gauged SUGRA).

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

Terms X for pheno. : stab. of moduli, de Sitter sol. ...
hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E.

Palti, G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984,

arXiv:1301.7073 by U. Danielsson, et al, arXiv:1302.0529 by C. Damian, et al

10d: a (target) space, divided in patches
Fields glue with transition functions: diffeo., gauge transfo.
String theory has more ñ use stringy sym. for gluing

hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams

hep-th/0210209 by A. Dabholkar, C. Hull

hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

ñ away from standard geometry: non-geometry
10d fields look ill-defined: not single-valued, global issues



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction

More structure

Conclusion

Obtain the 4d non-geometric potential terms from
a compactification of 10d SUGRA?

- specific dependence on scalars...
- 10d SUGRA origin of 4d Q, R?

Compactify over 10d non-geometry
ãÑ global issues ñ integration?

Here: progress in a 10d SUGRA realization of Q, R,
in addition relates 10d/4d non-geometry
A way to overcome these two issues:
- field redefinition on NSNS fields ñ Q, R in 10d Lag.
- new fields globally defined (in some examples)
ñ compactify, get scalar potential X

Reveals more (geometrical) structure:
- field redefinition in double field theory (DFT)

ãÑ manifestly covariant action w.r.t diffeomorphisms
R-flux: tensor, Q-flux: connection ñ geom. role

- relations between non-geometry, the new fields,
and non-commutativity of the string coordinates
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Field redefinition
Presentation
Key object: β: antisymmetric bivector βmn.

Motivations from Generalized Complex Geometry/SUGRA
Arguments in GCG: β related to non-geometry / to Qk

mn , Rkmn

hep-th/0609084, arXiv:0708.2392 by P. Grange, S. Schäfer-Nameki

arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram

β appears via a reparametrization of the gen. metric H:

H “

ˆ

g ´ bg´1b bg´1

´g´1b g´1

˙

“

ˆ

g̃ ´g̃β
βg̃ g̃´1

´ βg̃β

˙

, g̃ : new metric

ô g “ pg̃´1
` βq´1g̃´1

pg̃´1
´ βq´1

ô pg ` bq “ pg̃´1
` βq´1

b “ ´pg̃´1
` βq´1βpg̃´1

´ βq´1
puseful for DFTq

e´2φ̃
a

|g̃| “ e´2φ
a

|g|

Field redefinition: pg, b, φq Ø pg̃, β, φ̃q, β favored for non-geom.

Apply it on NSNS Lagrangian?
β could be related to non-geo. fluxes ñ would they appear?



David
ANDRIOT

Introduction

Field redefinition
Presentation

Rewriting NSNS

Dim. reduction

More structure

Conclusion

Field redefinition
Presentation
Key object: β: antisymmetric bivector βmn.
Motivations from Generalized Complex Geometry/SUGRA
Arguments in GCG: β related to non-geometry / to Qk

mn , Rkmn

hep-th/0609084, arXiv:0708.2392 by P. Grange, S. Schäfer-Nameki

arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram

β appears via a reparametrization of the gen. metric H:

H “

ˆ

g ´ bg´1b bg´1

´g´1b g´1

˙

“

ˆ

g̃ ´g̃β
βg̃ g̃´1

´ βg̃β

˙

, g̃ : new metric

ô g “ pg̃´1
` βq´1g̃´1

pg̃´1
´ βq´1

ô pg ` bq “ pg̃´1
` βq´1

b “ ´pg̃´1
` βq´1βpg̃´1

´ βq´1
puseful for DFTq

e´2φ̃
a

|g̃| “ e´2φ
a

|g|

Field redefinition: pg, b, φq Ø pg̃, β, φ̃q, β favored for non-geom.

Apply it on NSNS Lagrangian?
β could be related to non-geo. fluxes ñ would they appear?



David
ANDRIOT

Introduction

Field redefinition
Presentation

Rewriting NSNS

Dim. reduction

More structure

Conclusion

Field redefinition
Presentation
Key object: β: antisymmetric bivector βmn.
Motivations from Generalized Complex Geometry/SUGRA
Arguments in GCG: β related to non-geometry / to Qk

mn , Rkmn

hep-th/0609084, arXiv:0708.2392 by P. Grange, S. Schäfer-Nameki

arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram

β appears via a reparametrization of the gen. metric H:

H “

ˆ

g ´ bg´1b bg´1

´g´1b g´1

˙

“

ˆ

g̃ ´g̃β
βg̃ g̃´1

´ βg̃β

˙

, g̃ : new metric

ô g “ pg̃´1
` βq´1g̃´1

pg̃´1
´ βq´1

ô pg ` bq “ pg̃´1
` βq´1

b “ ´pg̃´1
` βq´1βpg̃´1

´ βq´1
puseful for DFTq

e´2φ̃
a

|g̃| “ e´2φ
a

|g|

Field redefinition: pg, b, φq Ø pg̃, β, φ̃q, β favored for non-geom.

Apply it on NSNS Lagrangian?
β could be related to non-geo. fluxes ñ would they appear?



David
ANDRIOT

Introduction

Field redefinition
Presentation

Rewriting NSNS

Dim. reduction

More structure

Conclusion

Field redefinition
Presentation
Key object: β: antisymmetric bivector βmn.
Motivations from Generalized Complex Geometry/SUGRA
Arguments in GCG: β related to non-geometry / to Qk

mn , Rkmn

hep-th/0609084, arXiv:0708.2392 by P. Grange, S. Schäfer-Nameki

arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram

β appears via a reparametrization of the gen. metric H:

H “

ˆ

g ´ bg´1b bg´1

´g´1b g´1

˙

“

ˆ

g̃ ´g̃β
βg̃ g̃´1

´ βg̃β

˙

, g̃ : new metric

ô g “ pg̃´1
` βq´1g̃´1

pg̃´1
´ βq´1

ô pg ` bq “ pg̃´1
` βq´1

b “ ´pg̃´1
` βq´1βpg̃´1

´ βq´1
puseful for DFTq

e´2φ̃
a

|g̃| “ e´2φ
a

|g|

Field redefinition: pg, b, φq Ø pg̃, β, φ̃q, β favored for non-geom.

Apply it on NSNS Lagrangian?
β could be related to non-geo. fluxes ñ would they appear?



David
ANDRIOT

Introduction

Field redefinition
Presentation

Rewriting NSNS

Dim. reduction

More structure

Conclusion

Field redefinition
Presentation
Key object: β: antisymmetric bivector βmn.
Motivations from Generalized Complex Geometry/SUGRA
Arguments in GCG: β related to non-geometry / to Qk

mn , Rkmn

hep-th/0609084, arXiv:0708.2392 by P. Grange, S. Schäfer-Nameki

arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram

β appears via a reparametrization of the gen. metric H:

H “

ˆ

g ´ bg´1b bg´1

´g´1b g´1

˙

“
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g̃ ´g̃β
βg̃ g̃´1

´ βg̃β

˙

, g̃ : new metric

ô g “ pg̃´1
` βq´1g̃´1

pg̃´1
´ βq´1

ô pg ` bq “ pg̃´1
` βq´1

b “ ´pg̃´1
` βq´1βpg̃´1

´ βq´1
puseful for DFTq

e´2φ̃
a

|g̃| “ e´2φ
a

|g|

Field redefinition: pg, b, φq Ø pg̃, β, φ̃q, β favored for non-geom.

Apply it on NSNS Lagrangian?
β could be related to non-geo. fluxes ñ would they appear?
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Rewriting of the NSNS Lagrangian

L “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2.3!HkmnHpqr gkpgmqgnr

˙

“ ?

“ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2 |Q|

2
˙

` Bp. . . q “ L̃` Bp. . . q` ¨ ¨ ¨ ´
1
2 |R|

2
¯

` Bp. . . q

where Qk
mn
“ Bkβ

mn , |Q|2 “ 1
2! Qk

mnQp
qr g̃kpg̃mq g̃nr

(assumption: βkm
Bm ¨ “ 0)

Without the assumption
ñ also get Rmnp

“ 3 βkrm
Bkβ

nps, |R|2 “ 1
3! R

kmnRpqr g̃kpg̃mq g̃nrRpgq “ Rpg̃q ´ Bk g̃suBm g̃pq
ˆ

2g̃km g̃uq g̃ps
` 2g̃pq g̃ks g̃mu

`
1

2
g̃uq g̃sm g̃kp

˙

´ g̃pqBkβ
pk
Bmβ

qm
´

1

2
g̃pqBkβ

qm
Bmβ

pk

` 2g̃km g̃pq
BkBm g̃pq ` 2g̃km

pG´1qpqBkBm Gqp

` Bm Gvl´
´ 2g̃mr g̃ks

pG´1qlvBk g̃rs ´ g̃rs g̃km
pG´1qlvBk g̃rs

` g̃msg̃ru
pG´1qluBv g̃rs ´ g̃km g̃rs

pG´1qlsBk g̃vr
¯

` Bm Gvl´
pG´1qlqBv Gqm

`
1

2
glqBv Gmq¯

´ Bm Gvl
Bk Gps 1

2
g̃km´

2pG´1qlvpG
´1
qsp ` 5pG´1qsvpG

´1
qlp ` gsl g̃pv

¯

where G “ g̃´1 ` β .

NSNS Lagrangian L rewritten in terms of new fields
ñ 10d L̃, with Q-, R-fluxes appearing

Relation to 4d Q-, R-fluxes/non-geo. terms?
ñ dimensional reduction, 4d potential

ãÑ action, integration ñ global aspects
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ãÑ action, integration ñ global aspects
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The dimensional reduction
The 4d scalar potential
Split 10d ñ 4d max. sym. space-time ˆ 6d compact M
Compactification ansatz: ds2

10 “ ds2
4 ` ds2

6 (no warp factor),
b, β purely internal

Only two 4d scalar fields: volume ρ and dilaton σ:
g6ij “ ρ gp0q6ij , e´φ

“ e´φp0q σρ´
3
2 , eφp0q

“ gs

ãÑ in SNSNS “
1

2κ2

ş

d10x L, integrate 6d, go to 4d Einstein fr.:
SE “ M 2

4
ş

d4x
a

|gE |
´

RE
4 ` kin´ 1

M2
4

V pρ, σq
¯

arXiv:0712.1196 by E. Silverstein

where V pρ, σq “ σ´2 `ρ´3 V 0
H ` ρ

´1 V 0
R
˘

V 0
H “

M2
4

v0

ş

d6x
b

|gp0q6 | 1
12 H p0q

ijk H p0q
lmn gilp0q

6 gjmp0q
6 gknp0q

6

V 0
R “ ´

M2
4

v0

ş

d6x
b

|gp0q6 | Rp0q
6

Non-geometric terms? Most general (NSNS) potential:
V pρ, σq “ σ´2 `ρ´3 V 0

H ` ρ
´1 V 0

R ` ρ V 0
Q ` ρ

3 V 0
R
˘

arXiv:0711.2512 by M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark

With L̃ instead of L, we get the X 4d potential



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction
4d potential

Global aspects

More structure

Conclusion

The dimensional reduction
The 4d scalar potential
Split 10d ñ 4d max. sym. space-time ˆ 6d compact M
Compactification ansatz: ds2

10 “ ds2
4 ` ds2

6 (no warp factor),
b, β purely internal
Only two 4d scalar fields: volume ρ and dilaton σ:
g6ij “ ρ gp0q6ij , e´φ

“ e´φp0q σρ´
3
2 , eφp0q

“ gs

ãÑ in SNSNS “
1

2κ2

ş

d10x L, integrate 6d, go to 4d Einstein fr.:
SE “ M 2

4
ş

d4x
a

|gE |
´

RE
4 ` kin´ 1

M2
4

V pρ, σq
¯

arXiv:0712.1196 by E. Silverstein

where V pρ, σq “ σ´2 `ρ´3 V 0
H ` ρ

´1 V 0
R
˘

V 0
H “

M2
4

v0

ş

d6x
b

|gp0q6 | 1
12 H p0q

ijk H p0q
lmn gilp0q

6 gjmp0q
6 gknp0q

6

V 0
R “ ´

M2
4

v0

ş

d6x
b

|gp0q6 | Rp0q
6

Non-geometric terms? Most general (NSNS) potential:
V pρ, σq “ σ´2 `ρ´3 V 0

H ` ρ
´1 V 0

R ` ρ V 0
Q ` ρ

3 V 0
R
˘

arXiv:0711.2512 by M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark

With L̃ instead of L, we get the X 4d potential



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction
4d potential

Global aspects

More structure

Conclusion

The dimensional reduction
The 4d scalar potential
Split 10d ñ 4d max. sym. space-time ˆ 6d compact M
Compactification ansatz: ds2

10 “ ds2
4 ` ds2

6 (no warp factor),
b, β purely internal
Only two 4d scalar fields: volume ρ and dilaton σ:
g6ij “ ρ gp0q6ij , e´φ

“ e´φp0q σρ´
3
2 , eφp0q

“ gs

ãÑ in SNSNS “
1

2κ2

ş

d10x L, integrate 6d, go to 4d Einstein fr.:
SE “ M 2

4
ş

d4x
a

|gE |
´

RE
4 ` kin´ 1

M2
4

V pρ, σq
¯

arXiv:0712.1196 by E. Silverstein

where V pρ, σq “ σ´2 `ρ´3 V 0
H ` ρ

´1 V 0
R
˘

V 0
H “

M2
4

v0

ş

d6x
b

|gp0q6 | 1
12 H p0q

ijk H p0q
lmn gilp0q

6 gjmp0q
6 gknp0q

6

V 0
R “ ´

M2
4

v0

ş

d6x
b

|gp0q6 | Rp0q
6

Non-geometric terms? Most general (NSNS) potential:
V pρ, σq “ σ´2 `ρ´3 V 0

H ` ρ
´1 V 0

R ` ρ V 0
Q ` ρ

3 V 0
R
˘

arXiv:0711.2512 by M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark

With L̃ instead of L, we get the X 4d potential



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction
4d potential

Global aspects

More structure

Conclusion

The dimensional reduction
The 4d scalar potential
Split 10d ñ 4d max. sym. space-time ˆ 6d compact M
Compactification ansatz: ds2

10 “ ds2
4 ` ds2

6 (no warp factor),
b, β purely internal
Only two 4d scalar fields: volume ρ and dilaton σ:
g6ij “ ρ gp0q6ij , e´φ

“ e´φp0q σρ´
3
2 , eφp0q

“ gs

ãÑ in SNSNS “
1

2κ2

ş

d10x L, integrate 6d, go to 4d Einstein fr.:
SE “ M 2

4
ş

d4x
a

|gE |
´

RE
4 ` kin´ 1

M2
4

V pρ, σq
¯

arXiv:0712.1196 by E. Silverstein

where V pρ, σq “ σ´2 `ρ´3 V 0
H ` ρ

´1 V 0
R
˘

V 0
H “

M2
4

v0

ş

d6x
b

|gp0q6 | 1
12 H p0q

ijk H p0q
lmn gilp0q

6 gjmp0q
6 gknp0q

6

V 0
R “ ´

M2
4

v0

ş

d6x
b

|gp0q6 | Rp0q
6

Non-geometric terms? Most general (NSNS) potential:
V pρ, σq “ σ´2 `ρ´3 V 0

H ` ρ
´1 V 0

R ` ρ V 0
Q ` ρ

3 V 0
R
˘

arXiv:0711.2512 by M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark

With L̃ instead of L, we get the X 4d potential



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction
4d potential

Global aspects

More structure

Conclusion

The dimensional reduction
The 4d scalar potential
Split 10d ñ 4d max. sym. space-time ˆ 6d compact M
Compactification ansatz: ds2

10 “ ds2
4 ` ds2

6 (no warp factor),
b, β purely internal
Only two 4d scalar fields: volume ρ and dilaton σ:
g6ij “ ρ gp0q6ij , e´φ

“ e´φp0q σρ´
3
2 , eφp0q

“ gs

ãÑ in SNSNS “
1

2κ2

ş

d10x L, integrate 6d, go to 4d Einstein fr.:
SE “ M 2

4
ş

d4x
a

|gE |
´

RE
4 ` kin´ 1

M2
4

V pρ, σq
¯

arXiv:0712.1196 by E. Silverstein

where V pρ, σq “ σ´2 `ρ´3 V 0
H ` ρ

´1 V 0
R
˘

V 0
H “

M2
4

v0

ş

d6x
b

|gp0q6 | 1
12 H p0q

ijk H p0q
lmn gilp0q

6 gjmp0q
6 gknp0q

6

V 0
R “ ´

M2
4

v0

ş

d6x
b

|gp0q6 | Rp0q
6

Non-geometric terms? Most general (NSNS) potential:
V pρ, σq “ σ´2 `ρ´3 V 0

H ` ρ
´1 V 0

R ` ρ V 0
Q ` ρ

3 V 0
R
˘

arXiv:0711.2512 by M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark

With L̃ instead of L, we get the X 4d potential



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction
4d potential

Global aspects

More structure

Conclusion

The dimensional reduction
The 4d scalar potential
Split 10d ñ 4d max. sym. space-time ˆ 6d compact M
Compactification ansatz: ds2

10 “ ds2
4 ` ds2

6 (no warp factor),
b, β purely internal
Only two 4d scalar fields: volume ρ and dilaton σ:
g6ij “ ρ gp0q6ij , e´φ

“ e´φp0q σρ´
3
2 , eφp0q

“ gs

ãÑ in SNSNS “
1

2κ2

ş

d10x L, integrate 6d, go to 4d Einstein fr.:
SE “ M 2

4
ş

d4x
a

|gE |
´

RE
4 ` kin´ 1

M2
4

V pρ, σq
¯

arXiv:0712.1196 by E. Silverstein

where V pρ, σq “ σ´2 `ρ´3 V 0
H ` ρ

´1 V 0
R
˘

V 0
H “

M2
4

v0

ş

d6x
b

|gp0q6 | 1
12 H p0q

ijk H p0q
lmn gilp0q

6 gjmp0q
6 gknp0q

6

V 0
R “ ´

M2
4

v0

ş

d6x
b

|gp0q6 | Rp0q
6

Non-geometric terms? Most general (NSNS) potential:
V pρ, σq “ σ´2 `ρ´3 V 0

H ` ρ
´1 V 0

R ` ρ V 0
Q ` ρ

3 V 0
R
˘

arXiv:0711.2512 by M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark

With L̃ instead of L, we get the X 4d potential



David
ANDRIOT

Introduction

Field redefinition

Dim. reduction
4d potential

Global aspects

More structure

Conclusion

We get V pρ, σq “ σ´2 `ρ´1 V 0
R ` ρ V 0

Q ` ρ
3 V 0

R
˘

where

V 0
R “ ´

M 2
4

v0

ż

d6x
b

|g̃p0q6 | rRp0q
6

V 0
R “

M 2
4

v0

ż

d6x
b

|g̃p0q6 |
1
12Rijkp0qRlmnp0q g̃p0q6il g̃p0q6jm g̃p0q6kn

V 0
Q “ ´

M 2
4

v0

ż

d6x
b

|g̃p0q6 |

˜

´
1
4 g̃ik g̃jl g̃rs Qr

kl Qs
ij
`

1
2 g̃pqQk

lpQl
kq

` g̃jl g̃pqβ
jm

´

Qk
lp
Bm g̃kq

` Bk g̃lp Qm
kq
¯

´
1
4 g̃ik g̃jl g̃pq

´

βprβqs
Br g̃kl

Bsg̃ij
´ 2βirβjs

Br g̃lp
Bsg̃kq

¯

`
1

2
a

|g̃|
g̃pq
Bk g̃pq Bm

´

a

|g̃|g̃ijβ
ikβjm

¯

¸p0q

6

L̃ and 10d Q,R give the X 4d potential (give a 10d origin)

4d Q is not clearly identified... Work in progress...
ãÑ DFT brings an interpretation for the Q-terms, the role of Q
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Global aspects
Dim. red.: integrate over a concrete background ñ possible?

We have shown
Lpg, b, φq “ L̃pg̃, β, φ̃q ` Bp. . . q

For a 10d NSNS non-geometric configuration: global issues
ãÑ no

ş

d6x, potential?
In some examples, L̃pg̃, β, φ̃q X (in particular g̃ X )
We propose to discard Bp. . . q, use L̃ as the good low-energy
effective description of string theory
ãÑ integrate L̃ X, get non-geometric terms of the 4d potential

Relation between 10d/4d non-geometry:
for a 10d non-geometric configuration,

field redefinition + dimensional reduction
ñ generates 4d non-geometric terms

Possibility of describing “new” physics:
global properties of a solution get “improved” by

pg, b, φq Ñ pg̃, β, φ̃q
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More geometrical structure
Double field theory

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

...

Field th. def. initially on a 2d space: XM
“ px̃i , x i

q, BM “ pB̃
i , Biq

LDFT depends on Eijpx, x̃q “ pg ` bqijpx, x̃q, dilaton

Opd, dq („ T-d.) inv. theory: for h “
ˆ

a b
c d

˙

P Opd, dq

X 1
“ hX , E 1pX 1

q “ paEpXq ` bqpcEpXq ` dq´1

Add strong constraint on (products of) fields
ñ fields depend locally only on 1

2 of XM

LDFTpE , φq
B̃

i
“0

““““ LNSNSpg, b, φq ` Bp. . . q

Simple to perform field redefinition in DFT,
using E “ pg ` bq “ pg̃´1

` βq´1, and Opd, dq invariance
ãÑ LDFTpg̃, β, φ̃q

B̃
i
“0

““““ L̃pg̃, β, φ̃q ` Bp. . . q
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Diffeomorphism covariance
Gauge sym. of DFT: diffeo.: x i

Ñ x i
´ ξi

px, x̃q, x̃i Ñ x̃i ´ ξ̃ipx, x̃q

1
e´2φ̃

?
|g̃|

LDFTpg̃, β, φ̃q

“ Rpg̃, Bq `Rpg̃´1, B̃q ` 4pBφ̃q2 ` 4pB̃φ̃q2 ´ 1
2 |Q|

2
´ 1

2 |R|
2
` . . .

with Rijk
“ 3

`

B̃
riβjks

` βpri
Bpβ

jks˘ , Qi
jk
“ Biβ

jk: not a tensor!

ãÑ Covariantize B̃ Ñ ∇̃ w.r.t. unnatural diffeomorphism ξi

∇̃iV j
“ D̃iV j

´ qΓk
ijV k where

D̃i
” B̃

i
` βpi

Bp, Rijk
“ 3D̃riβjks

qΓk
ij
“ 1

2 g̃kl
`

D̃i g̃jl
` D̃j g̃il

´ D̃l g̃ij˘
` g̃kl g̃ppiQp

jql
´ 1

2 Qk
ij

Construct qRij
l
k , qRij , qR

1
e´2φ̃

?
|g̃|

LDFTpg̃, β, φ̃q

“ Rpg̃, Bq ` qRp∇̃, qΓq ` 4pBφ̃q2 ` 4
`

D̃iφ̃` qΓk
ki˘2

´ 1
2 |R|

2
` Bp. . . q

Q-, R-fluxes help to make diffeomorphism cov. manifest in DFT
+ they get a geometrical role: R is a tensor

Q is not a tensor, rather a connection
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Relations to non-commutativity

Open string: D-brane with a constant b-field B,
leads to rx i

pτq, x j
pτqs “ iθij, θ non-com. parameter

Gij
“

´

1
g`2πα1B g 1

g´2πα1B

¯ij
, θij

“ ´p2πα1q2
´

1
g`2πα1B B 1

g´2πα1B

¯ij

hep-th/9908142 by N. Seiberg, E. Witten

g̃´1
“ pg ` bq´1 g pg ´ bq´1, β “ ´pg ` bq´1 b pg ´ bq´1

Closed string: rX i
pτ, σq,X j

pτ, σqs ‰ 0 for some concrete
(non-geometric) backgrounds

arXiv:1010.1361 by D. Lüst

arXiv:1202.6366 by C. Condeescu, I. Florakis, D. Lüst

arXiv:1211.6437 by D. A., M. Larfors, D. Lüst, P. Patalong

Here, βij
‰ constant, rather the non-geometric flux is

ãÑ rX i
pτ, σq,X j

pτ, σqs „ N k Qk
ij with Qk

ij
“ Bkβ

ij
` . . .

Non-associativity: R-flux is the parameter...
rrX i

pτ, σq,X j
pτ, σqs,X k

pτ, σqs ` perm. „ Rijk

arXiv:1010.1263, arXiv:1106.0316, arXiv:1112.4611 by R. Blumenhagen, et al.

arXiv:1207.0926 by D. Mylonas, P. Schupp, R. Szabo
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Conclusion and outlook
GCG ñ field redefinition pg, b, φq Ø pg̃, β, φ̃q
Rewriting NSNS Lag.: Lpg, b, φq “ L̃pg̃, β, φ̃q ` Bp. . . q
10d Qk

mn
“ Bkβ

mn (for βkm
Bm ¨ “ 0), Rmnp

“ 3 βkrm
Bkβ

nps

Dim. reduction of L̃ ñ 4d non-geometric potential X
Possible for 10d NSNS non-geom. ñ L̃pg̃, β, φ̃q globally X
ãÑ Relation between 4d/10d non-geometry
L̃pg̃, β, φ̃q could capture new physics ?

Extend to RR sector (S-duality), or heterotic,
and D-brane/O-plane (new objects, as exotic branes?)
ãÑ new interesting backgrounds, 10d de Sitter solutions...

Manifestly covariant DFT action w.r.t. diffeomorphisms
Geometrical role of non-geometric fluxes:
R: tensor, Q: connection

Non-commutativity, non-geometry and new fields
Get concrete closed string examples, study relations with
open string...
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